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(57) Abstract: An embedding element (11) for embedment in the 
root of a wind turbine rotor balde (15) of a fibre composite ma- 
terial, said embedding element being elongated and having a first 
end portion ( 1) and a second end portion (2) and provided with fas- 
tening means, eg a threaded hole, a threaded rod or the like in its 
first end portion (1). Between its two end portions (1,2) the embed- 
ding element (11) is provided with a first longitudinal lateral face 
(14) extending substantially concavely in a cross- sectional view 
perpendicular to the longitudinal axis of the embedding element, 
and with a second longitudinal lateral face (16) facing opposite the 
firstlateral face (14) and extending substantially correspondingly 
convexly in a cross-sectional view perpendicular to the longitu- 
dinal axis. The invention further relates to a method of producing 
such an embedding element, a method of producing a wind turbine 
blade (15) of fibre composite material, a plurality of embedding el- 
ements (1 1) being embedding elements (11) being embedded such 
in juxtaposition in the blade root that they follow the circumference 
of the root and the concave lateral face ( 14) of each embedding el- 
ement (11) engaging the convex lateral face (16) of a juxtaposed 
embedding element and allowing access to the fastening means 
(24) from the outside. 



THIS PAGE BLANK (uspto) 



10/501556 

•| DTtSfl^J FCT/PTO ;i 5 JUL 2004 

f PCT/DK03/00013 

1 

Title: An embedding element for embedment in the root of a wind turbine rotor bla- 
de, a method of producing such an embedding element and the embedment of such 
embedding elements in a wind turbine rotor blade. 

5 Technical Field 

The invention relates to an embedding element for embedment in the root of a wind 
turbine rotor blade, said element being elongated and having a first end portion and a 
second end portion and provided with fastening means, eg a threaded hole, a threa- 
10 ded rod or the like in its first end portion. 

The invention further relates to a method of producing such an embedding element, a 
method of producing a wind turbine rotor blade, in which a plurality of embedding 
elements are embedded, and a wind turbine rotor blade. 

Background Art 

The fastening of fibre composite components, eg polymer components of fibre glass 
or carbon fibres, which are subjected to loads from other structural elements, is often 
20 troublesome. One of these problems occurs when a wind turbine blades is to be se- 
cured to the hub of the wind turbine in such a manner that the connection therebe- 
tween is able to transfer heavy dynamic forces. The end face of a rotor blade root is 
often circular and secured to a circular metal flange on the turbine hub by means of 
bolts or threaded rods. 

25 

US 4,915,590 discloses several methods for attaching the root of a wind turbine 
blade to a flange on the hub. The publication thus discloses a method, whereby the 
blade wall in the root is provided with embedded, elongated embedding elements in 
form of sucker rods comprising a fibre glass rod, one end of the rod being provided 
30 with a coupling in form of a female-treaded steel bushing. The embedding elements 
are embedded such in the blade wall at the root that the female thread of the steel 
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bushings is accessible from the end face of the blade root for attachment thereof to 
the hub. 

One drawback of this method is that it is time-consuming to position the embedding 
elements accurately in the mould and subsequently thereto place fibre mats in abut- 
ment with the element to ensure a durable embedment. Due to the circular shape of 
the rods, the fibre mats have to be pushed downwards on either side, and even if this 
is achieved, folds are created in the fibres/fibre mats which weaken the strength and 
which in turn cause a risk of delamination due to the heavy dynamic loads. 

Description of the Invention 

The object of the invention is to provide a new and improved embedding element for 
embedment in a wind turbine blade made of fibre composite material allowing for a 
simplified embedment process and ensuring increased strength at fixation of the 
wind turbine blade to the turbine hub. 

According to the invention the object is obtained in that between its two end portions 
the embedding element is provided with a first longitudinal lateral face extending 
substantially concavely in a cross-sectional view perpendicular to the longitudinal 
axis of the embedding element, and with a second longitudinal lateral face facing 
opposite the first lateral face and extending substantially correspondingly convexly 
in a cross-sectional view perpendicular to the longitudinal axis. As a result it is pos- 
sible to lay up the embedding elements in ahgnment such that a concave lateral face 
engages a convex lateral face, whereby the positioning of the elements is facilitated. 
Due to the concavity/convexity the embedding elements may rotate in relation to 
each about their longitudinal axis to allow adaptation thereof to various curve 
shapes, eg to the circular cross-sectional shape of a blade root. The same type of em- 
bedding element may thus be used for blade roots of different diameters, the number 
of embedding elements used naturally depending on the diameter. The embedding 
element may also be used for other composite components, such as aeroplane wings 
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for securing these to the fuselage, said wings having a substantially elliptic cross sec- 
tion. 

According to an embodiment the embedding element may have a tapering shape in 
5 the direction towards the second end, whereby the fibre lay-up may be performed 
during the embedding process without causing sharp bends in the fibres or fibre mats 
in the transitional area between the second end of the embedding element and the 
composite component. If the rigidity of the embedding element differs from that of 
the fibre composite material, a gradual transition in the rigidity of the finished fibre 
1 0 composite component is also obtained. 

According to a preferred embodiment the embedding element has an upper face and 
a lower face interconnecting the concave lateral face and the convex lateral face, the 
upper face and the lower face extending gradually convergently towards the second 
15 end portion of the embedding element to provide a wedge-shaped embedding ele- 
ment. As a result a tapering shape is obtained, while ensuring that the longitudinal 
axes of the embedding elements extend in parallel. 

According to a preferred embodiment the embedding element is made substantially 
20 of a fibre composite material, whereby a complete fibre composite component hav- 
ing homogenous material properties in relation to rigidity and strength and thermal 
expansion is obtained. 

The invention also relates to a method of producing the above embedding element, 
25 wherein an elongated core element, preferably of a fibre composite material and pre- 
ferably made by pultrusion, is provided, a fastening member being arranged at the 
first end of the core element and the core element with the fastening member being 
secured inside a casing by means of adhesion, said casing including the concave and 
the convex lateral faces and preferably made of a fibre composite material, prefera- 
30 bly by pultrusion. A solid embedding element may thus be produced in a simple 
manner by means of such a method. 
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According to a preferred embodiment of the method the first end of the core element 
is conical and the inwardly facing end of the fastening member is provided with a 
corresponding conical recess or vice versa. As a result, the two parts may be accu- . 
5 rately fixed in relation to each other and the embedding element is provided with a 
strong fixation and increased strength. 

According to an advantageous embodiment two embedding elements are produced 
simultaneously by arranging a fastening member at either end of the core element 

10 prior to the encasement thereof inside the casing, and subsequently making an in- 
clined, plane cut from the upper face to the lower face or vice versa to produce two 
wedge-shaped embedding elements. This method offers a particularly simple manu- 
facture of wedge-shaped embedding elements and is also advantageous in that safety 
checks may be carried out by measuring the tensile strength through the fastening 

1 5 means in both end portions and in that a tensile test may be performed before the two 
elements are separated. 

The invention further relates to a method of producing a wind turbine rotor blade of 
a fibre composite material, a plurality of embedding elements being embedded such 
20 in juxtaposition in the blade root that they follow the circumference of the root cross 
section, which may be circular, and the concave lateral face of each embedding ele- 
ment engaging the convex lateral face of a juxtaposed embedding element and al- 
lowing access from the outside to the fastening means which may be used for secur- 
ing the blade to a flange on a wind turbine hub. 

25 

The invention also relates to a wind turbine made by means of such a method. 
Brief Description of the Drawings 

30 The invention is described in greater detail below with reference to the accompany- 
ing drawings, in which 
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Fig. 1 is a partly- sectional, perspective view of a first embodiment of a blank from 
which two embedding elements are produced, 

5 Fig. 2 is schematic view of a method of producing a core element for the blank 
shown in Fig. 1, 

Fig. 3 is a schematic view illustrating the fastening of the fastening means to the core 
element, 

10 

Fig. 4 is a schematic view of a pultrusion system for the manufacture of the blank 
shown in Fig. 1 , 

Fig. 5 is a schematic view illustrating the cutting of the blank shown in Fig. 1 , 

15 

Fig. 6 is a sectional view of the blank shown in Figs. 1 and 5 in its cut state, 

Fig. 7 is a schematic view of how three embedding elements according to the inven- 
tion may be embedded in relation to each other in a fibre composite component, 

20 

Fig. 8 is a perspective view of the root of a wind turbine blade, embedded embed- 
ding elements according to the invention being schematically shown, 

Fig. 9 is a perspective view of an embedding element according to the invention, and 

25 

Fig. 10 illustrates an alternative embodiment of an embedding element according to 
the invention seen from the first end portion. 

Best Modefs) for carrying out the invention 
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Figs. 1-6 primarily relate to a method of producing an embedding element according 
to the invention. The embedding element is shown in a perspective view in Fig. 9 
and includes an elongated body having a first end portion 1 and a second end portion 
2. The embedding element 11 has a substantially planar upper face 18 and a planar 
5 lower face 19 parallel. to the upper face. The planar upper face 18 passes into an in- 
clined surface 66 extending downwardly towards the lower face 19 such that the 
embedding element becomes wedge-shaped and tapers towards the second end por- 
tion 2. The first end portion houses an embedded fastening member 22 in form of a 
metal bushing with a threaded hole 24. The embedding element further has a con- 
10 cave, circular cylindrical lateral face 14 extending in entire length of the embedding 
element and opposite the lateral face 14 a corresponding convex circular cylindrical 
lateral face 16 also extending in the entire length of the embedding element. 

As shown in Fig. 7, several embedding elements 1 1 may be arranged in parallel to 
15 allow the convex lateral faces 14 to engage the concave lateral faces 16 and such that 
the longitudinal axes of the elements extend in parallel. Due to the concave and con- 
vex lateral faces, the embedding elements may extend along a curve, eg a circle, in a 
plane perpendicular to the longitudinal axes of the embedding elements 1 1 . 

20 Fig. 8 illustrates the root portion of a wind turbine rotor blade 15 made of a fibre 
composite material. Schematically shown embedding elements 1 1 are embedded in 
the root along the circumference thereof such to allow access to the threaded holes 
24 of the embedding elements 1 1 from the end face of the blade root. 

25 Wind turbine blades are typically made by means of two blade shell halves of fibre- 
reinforced polymer. When moulded the two halves are glued together along the 
edges and via two bracings, which prior thereto have been glued to the inner face of 
one the blade shell halves. The other blade shell half is then arranged on top of brac- 
ings and glued thereto and along the edges. The blade shell halves per se are typi- 

30 cally made by vacuum infusion, in which eyenly distributed fibres, rovings, which 
are fibre bunches, bands of rovings or mats, which may be felt mats of single-fibres 
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or woven mats of fibre rovings, are layered in a mould part and cover by a vacuum 
bag. By creating vacuum in the cavity between the inner face of the mould part and 
the vacuum cloth resin is sucked into and fills the cavity containing the fibre mate- 
rial. Some form of fastening means are to be provided in the end face of the blade 
5 root in order to securely fix the blade to the wind turbine hub. 

The embedding elements 1 1 according to the invention are particularly suitable for 
the provision of fastening means in the end face of the blade root, as they are able to 
rotate in such a manner in relation to each other due to the concave and convex lat- 
10 eral faces 14, 16 that they abut each other regardless of the diameter of the blade 
root. 

The embedment of the embedding elements 11 typically comprises the following 
steps: Each of the embedding elements is secured to the root flange of the mould 

15 part, said flange being a strong metal plate with apertures corresponding to the flan- 
ge provided on the turbine hub on which the blade is to be mounted. A fibre glass 
mat is placed on the convex lateral face 14 of each embedding element 11, said mat 
being cut into shape before the next embedding element is secured. As a result a 
small spacing is provided between embedding elements 1 1 allowing for a subsequent 

20 injection of resin between the embedding elements resulting in an improved embed- 
ment. 

Due to the tapering shape of the embedding elements 11, a uniform material transi- 
tion from the embedding element to the other blade material, whereby stress concen- 
25 trations are avoided. 

Fig. 10 illustrates an optional embodiment, in which the first end portion 1 of each 
embedding element 11 is provided with two threaded holes at different distances 
from the upper face 18. This embodiment is advantageous_in that two bolt circles are 
30 obtained, whereby the diameter of the blade root may be reduced, which in turn re- 
duces the costs of the turbine hub and the like. 
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A method of producing the embedding elements according to the invention is ex- 
plained in details' below with reference to Figs. 1-6. 

Fig. 1 is a perspective and partly sectional view of a blank 10 for the manufacture of 
two embedding elements 1 1 according to the invention. The blank 10 is formed sub- 
stantially of a core element 12, two fastening members 22, of which only one is visi- 
ble, and an outer casing 18. The core element 12 is provided with conically tapered 
ends 20 fitting into conical recesses 20' in the fastening members 22, confer Fig. 3. A 
through-going hole 25 extends from the bottom of the conical recess 20 1 to the oppo- 
site outer end of the fastening member 22. A portion of the hole 25 is provided with 
a thread 24. The outer casing 18 has a longitudinal, concave, circular cylindrical lat- 
eral face 14 and a longitudinal, convex circular cylindrical lateral face 16 arranged 
opposite the concave face 14. 

Fig. 2 is a schematic view of how the core elements 12 are produced. A portion of a 
pultrusion device 30 is shown, in which a string of pultruded fibre composite mate- 
rial 32 extend. A saw 34 cuts the string 32 into lengths corresponding to the length 
of each core element 12 and a cutting device shapes the ends 20 of the core element 
12 such that they become conical. 

Fig. 3 shows how the ends 20 of the core element 12 may be glued into the corre- 
sponding recesses 20 ? of the fastening members 22. 

Having been glued to the ends of the core element 12, the fastening members 22 are 
secured by screws by means of the threaded rods 28 to additional core elements 12 
with glued-on fastening members 22 so as to form a long rod. 

Fig. 4 illustrates a pultrusion system 40 in which the above rod is inserted into a re- 
ceiving station 46 jointly with bands of fibre material 42, 44, the assembled string 48 
formed of the rod and the fibre material 42, 44 is then inserted into a heat and curing 
station 50. Resin is fed from a resin reservoir 52 into the heat and curing station 50 
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and saturates the fibre material in the string 48. The saturated string 48 is passed 
through a nozzle 54 from which a pultrusion string 56 extends, said string having a 
cross section corresponding to that of the blank shown in Fig. 1. The pultrusion 
string 56 is extracted from the nozzle by means of a pulling station 58. On the other 
5 side of the pulling station 58 a knife 60 cuts the pultrusion string 10 between two 
fastening members 22, whereby the blanks 10 are obtained. The threaded rods 28 
may advantageously be made from plastic to facilitate the cutting action. 

Fig. 5 illustrates how a saw 62 cuts through the blank 10 along an inclined cutting 
10 line 64 extending between the upper face 19 and the lower face 1 8. 

Fig. 6 illustrates the cut blank 10 and how two embedding elements have been ob- 
tained, each with an inclined surface 64, 66. 

15 In the method described above the casing 26 is provided by means of a so-called in- 
tegral pultrusion process. It is, however, also possible to produce the casing 26 sepa- 
rately in a pultrusion process and then glue the core element 12 and the fastening 
member 22 onto the inside of the casing 26. 

20 As the embedding element, except for the fastening member 22, which is made of 
steel, preferably is made of a fibre composite material, a homogenous structure with 
homogenous material properties is obtained, when the embedding elements are em- 
bedded into the fibre composite material. 

25 The invention is not restricted to the above embodiments. The embedding element 
1 1 may also be made of for instance wood or plastic, and the fastening members 22 
may also be made of plastic or wood. If the embedding element is not made of a fi- 
bre composite material, its wedge shape contributes to forming a smooth transition 
between the material properties of the embedding elements and the properties of the 

30 material into which the embedding element is embedded. 



WO 03/057457 




PCT/DK03/00013 



The core element 22 and the fastening members 22 may formed integrally and may 
thus include a rod with a threaded hole in one or both ends and be made of metal, a 
fibre composite material, plastic or wood. The rod may be glued into the casing 26, 
whereafter an inclined cut is made to form two embedding elements. 
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Claims 

8 1. An embedding element (1 1) for embedment in the root of a wind turbine rotor, 
blade (15) of a fibre composite material, said embedding element being elongated 
5 and having a first end portion (1) and a second end portion (2) and provided with 
fastening means (24) , eg a threaded hole, a threaded rod or the like in its first end 
portion (1), characterised in that between its two end portions (1, 2) the embedding 
element (1 1) is provided with a first longitudinal lateral face (14) extending substan- 
tially concavely in a cross-sectional view perpendicular to the longitudinal axis of 
10 the embedding element, and with a second longitudinal lateral face (16) facing oppo- 
site the first lateral face (14) and extending substantially correspondingly convexly 
in a cross-sectional view perpendicular to the longitudinal axis. 

2. An embedding element according to claim 1, characterised in that it tapers in 
1 5 the direction towards the second end portion (2). 

3. An embedding element according to claim 2 characterised in that it is pro- 
vided with an upper face (18) and a lower face (19) interconnecting the concave lat- 
eral face (14) and the convex lateral face (16), the upper face (18) and the lower face 

20 (19) extending gradually convergently in relation to each other towards the second 
end portion (2) of the embedding element to provide a wedge-shaped embedding ele- 
ment 

4. An embedding element according to one of the claims 1-3, characterised in 
25 that it is made of a fibre composite material. 

5. A method of producing an embedding element according to claim 1, charac- 
terised in that an elongated core element (12), preferably of a fibre composite mate- 
rial and preferably made by pultrusion, is provided, that a fastening member (22) in- 

30 eluding the fastening means (24) is arranged at the first end portion of the core ele- 
ment (12) and that the core element (12) with the fastening member (22) is fixed in- 
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side a casing (26) by means of an adhesive, said casing including the concave lateral, 
face (15) and the convex lateral face (16) and preferably made of a fibre composite 
material, and preferably made by pultrusion. 

5 6. A method according to claim 5, wherein the first* end (20) of the core element 
(12) is conical and the inwardly facing end (20 1 ) of the fastening member (22) has a 
corresponding conical recess or vice versa. 

7. A method according to one of the claims 5-6 of producing two embedding 
10 elements (1 1), wherein a fastening member (22) is arranged at either end of the core 
element (12) prior to being encased in the casing (26), an inclined, plane cut subse- 
quently being made from the upper face (18) to the lower face (19) or vice versa to 
provide two embedding elements (1 1) of wedge shape. 

15 8. A method of producing a wind turbine rotor blade (15) of a fibre composite 
material, a plurality of embedding elements (1 1) according to one of the claims 1-4 
being embedded such in juxtaposition in the blade root that they follow the circum- 
ference of the root cross section, which maybe circular, the concave lateral face (14) 
of each embedding element (11) engaging the convex lateral face (16) of a juxta- 

20 posed embedding element and allowing access from the outside to the fastening 
means (24) which may be used for securing the blade (15) to a flange on a wind tur- 
bine hub. 

9. A wind turbine blade (15) made by means of the method according to claim 8. 



25 
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